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ABSTRACT 


All  assay  for  the  quantitation  of  pyridostigmine  bromide  (PYR) 
in  ground  rat  chow  is  described.  Pyridostigmine  was  extracted 
with  water  and  measured  by  HPLC.  The  assay  was  linear  from  0.01 
to  2.0  mg  py r idos t i gmine/g  chow;  the  recovery  of  PYR  from  the 
chow  was  greater  than  95%;  interday  variability  was  less  than  3%; 
intraday  variability  was  less  than  2%.  The  distribution  of  PYR 
in  chow  was  very  homogeneous  (CV  •J3%)  and  PYR  was  stable  in 
ground  chow  for  at  least  31  days  at  room  temperature. 
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Measur  einen  c  of  Pyridostigmine  Rromide  in  Rodesit  Chow---Fei,  r  i  r  i  s 
al 


A 

In  order  to  evaluate  the  180 -day  oral  so  ben  r  '  i  c  loxieicy  cf 
pyridostigmine  in  rats,  it  was  necessary  to  adrrjnioter  the 
compound  in  the  diet.  Satisfactory  Incorpor ' r ion  of 
pyridostigmine  bromide  (PYR)  into  ground  rat  chow  requires  that 
the  test  substance  be  mixed  uniformly  at  the  correct  conrentra- 
tion  and  remain  staole  in  the  feed  for  the  desired  timo  [--triod. 

To  assess  these  oaran.etets,  it  was  first  necessary  to  d^-'-eior  >n 
assay  for  PVR  in  cat  chow  and  then, use  the  assay  to  determine  the 
homcqeneity  and  stibiiity  of  PYP,  mixed  in  ground  rat,  ebju. 

This  rep  :  1  describes  an  assay  for  the  qu  an  t  .  c  a  t on  of  PYR  in 
ground  rat  chow  in  which  PYR  was  extracted  from  the  chow  with 
water  and  measured  by  High  Performance  Liquid  Chromatography 
(HPIC)  with  UV  detection.  This  assay  was  then  used  to  assess  the 
homogeneity  and  stability  of  PYR  in  r-at  chow  which  had  been  m^.od 
in  accordance  with  SOP  OP-STX-105,  "Diet  Preparation  for  Feodinq 
Studies."  The  desired  concentration  of  py r  in  the  chow  for  the 
fc-odinj  study  and  thus  for  this  report  ranged  fr"':’'i  0.01  mg  PYR/g 
to  2  mg  PYR/,'  :ho'w. 

;,i  7  F  R  .1 S  ^  N !.  K  i  T  ;■!  O  D  S 

Cc'.:  1 !. 't  '^n  t 

:  '  ch  r  JiT.a  t  cq  r  aph  i  r  syst.'^m  used  consisted  of  a  Hewlett- 

(Santa  C'.3ra,  CA)  1090  liquid  chromatogr ao)''  with  a 
h'.  ■  !  at  -  Pa'.K.ard  853  Personal  Computer  and  DPU  Multichannel  Inte- 
n.'it'^.  with  ThinitJct  Printer.  An  Eberbach  Mechanical  Shaker  (Ann 
A’;:::,  i  ;  and  -an  ISC  PR  6000  Centrifuge  ('leedhun'.  ('eights,  MA 
wtre  ur,ed  in  th-’  extraction  procedure. 

Rc  a  y^n  t  '■  : 

S' ^  '-ii  L  s  wt-re  HPLC  grade  and  chemicals  were  teaqont  riradc. 

A ’p  t  n  n  I  r;  r  1 1  w.s  nocained  from  EM  Science  (Cherry  Mill,  NJ).  The 
watt.'  iin.'ri  in  preparation  of  all  HPLC  solutions  was  deionic.ed, 
dist!iiu_i,  an!  purified  ot  organics  utilizing  an  Organiepure 
v/i'',er  p.cifier  by  Drarnstead  (Boston,  MA).'  Tet  ramethy  1  ammon  i  am 
chloride  and  I -hop t a nesu 1 f on i c  acid,  sodium  salt,  were  obtained 
from  ->1  iri-fn  Che.nical  Company  (Milwaukee,  WI);  sodium  phosphate 
mop'.,  isi  '.ra.'s  obtained  from  JT  Baker  Chemical  Company 
(  Phi  1  '  i  n'.ioi.'rg  ,  NJ).  Pyridostigmine  bromide,  let  5.15013,  was 
sure  oy  Walter  Rood  Army  In.stitute  of  Rpsoaren  (Wjsningion, 


Ff  t  c  '1  r  i  s  e  t  a  1  -  -  2 

HPLC  paraniorers 

Tne  HPLC  parameters  that  gave  the  optimum  results  are  as 
follows: 

Column: 

Brownlee  silica  5  urn  (100  x  4.6  mm) 

Guard  column: 

Brownlee  New  Guard  Silica  7  urn 

1 0  w : 

1.5  ml /min 

Buffer  : 

0.01  M  Heptane'su  1  f on ic  acid 

0.01  M  Sodium  dihydrogen  phosphate 

0.0025  M  Tet  r  amethy  1  ammon  i  urn  clilori-''^ 

Deionized,  distilled  water 
pH  adjusted  to  3  with  sulfuric  acid 

Mobile  Phase: 

20%  Acetonitrile,  80%  Buffet 

Waveleng  th : 

' Bandw id  th ' 

269  (10)  nm;  ref  wavelength,  350  (10)  nm 

Char  t speed : 

2  cm/m in 

Run  Time; 

3.5  min 

Pea  kw  id  th  : 

0.2  min 

PYR  Retention 

T  i  me : 

2.5  min 

5w 


S'5l 


Prepa  cation  of  Stock  Scluci on^: 


A  stock  solution  of  PYR  was  prepctad  by  d  i  -30 1  v  i  .1.;  -n  t  01 
pyr  :  dost  i -j.T:\ine  bromide  in  5  mi  of  w^.c-’r  to  y  1  v  _■  .  i  i  1  1  :'/r,-en- 

tration  of  mq  PYR, 'mi  (Stock  Solution  1).  Inis  soli,;;  ,  •.m.--, 

diluted  l?-foid  to  give  a  second  stock  sola',  :  wv.b  a  ^o-ncencLi- 
tion  of  1  mg  PYR, /ml  (Stock  Solution  2).  Each  si'lut'-ou  w.ik  divid¬ 
ed  iot.o  3klv)-ul  portions,  placed  in  plastic  micr  ‘  ent  r ;  fi;  in  tuiis, 
and  sr.c'L'cd  in  the  freezer  (~4  '’C;  for  subse-i  lent  us*.,  Ihcse 

solutions  were  used  to  spike  the  b\an,<  rat  *-ncw  i '  d  :  sam- 

P  I  .IS. 

Extraction  of  PYR  from  Rat  Chow ; 

The  foi'owinn  procedure  was  used  for  *-?■-■  t  r  a  ■:  1  n  j  r'.  K  from 
chow  samples  containing  conce  n  t  r  a  1 1  ons  of  me  dVK/g  ihow; 

One  qrnm  of  :how  w,as  weighed  int  a  50-:nl  plasi.i  ■  c'-, !.  r  i  fuae 

tube.  The  PYR  was  extracted  from  the  chow  ''•'v  ing  15  ml  of 

water,  shaking  in  a  mechanical  shaKot  for  lo  minutes,  ronttifud- 
i  I- ■;  ■'■1.'  pouring  the  supernatant  into  a  200-ml  vo.jmotiic  flas'*; 
.'IS  pr  jcedur  e  /r  s  perforrried  rcur  tin.ts.  The  combine;  supern-;- 
'-..■inr  were  brought  to  volume  with  water  and  mixed  A  smail 

porujori  of  the  ectni'ined  supernatants  (1-2  mi)  ,.as  filtorcl  ;  ii .  - 

urn  merora'ie  filter)  prior  to  HPLC  anu’ysis. 

thiL  feiiowing  procedure  was  used  for  rat  chow  ..-'imp’es 
C(, staining  ^  ower  concentrations  of  PYK  (0.01-0. mu/g  chow): 

Or.f  g-  -d  0.1  me  PY(-/g  chow  or  ?  j  c:  0,01  i*;.;  cYK'.:  ch,.w  was 
w*'ighed  into  a  plastic  centrifuge  tube.  The  PYH  was  exvroett'd 
from  th*'  chow  twice  by  adding  25-ml  aliquots  of  ware  ,  .shakim  in 
the  rntchanical  shaker  for  30-40  minutes,  and  ecu  t  r  f  ■,!  u  i  nq  .  The 
s  jpe  •:  no  t  a  n  r  3  were  combined  in  a  ‘j0-m’  volumetric  flask,  i  nuiiht 
to  -’olu:-!  with  woater,  and  mixed  well.  A  small  ^'-irrion  of  the 
combined  supernatant  (1-2  ml)  was  iilt-Tcd  cwic',  *:  1  c  s  t  thiounh  a 
0 . 4 1  -"1  icriin  filter  and  then  through  a  0.2-;ricron  lilt-T,  prior 
t  o  anal y  sis. 

t  •  •''pa  rat  i  nr,  of  fSpikod  Rat  Chow  f  .■  r  Standard  Curvi:-; 


ToJ  five  concentrations  of  EVP  i  r^r  chow  0  u_o<  t  r 
stand. ^rd  curve  were  prepared  by  adii  1  1  various  nmo-,;:',  t.  s 

st.C"  solu.iun  to  rat  chow  as  sh^)wn  in  'iaDle  i: 


the  I 

1  rv:; 


Amount  of 

Levol  Concentration  Chow  Stock  Solution  Stock  Solution 
No.  (mg  FVK/q  chow)  (g)  ^  (ul)  No. 


1 

2.00 

1 

200 

1 

2 

1 . 00 

1 

100 

1 

3 

0.50 

1 

50 

1 

4 

0.10 

1 

100 

2 

5 

0.01 

2 

20 

2 

Tne  spiked  s  imples  were  analyzed  either  on  the  day  o^ 

0-, U' i  c  n  or  the  next.  The  standard  curve  was  determined  hy 
per  tc;r:r,i  r;  '.inea;  regression  analysis  of  the  peak  height  versus 
!:  ctc.g  r  mi;.-  rf  ps'p  in]octed  on  the  column.  The  concentration  of 
in  eacn  sample  was  then  calculated  from  the  standard  cur  e 
and  the  dilution  factor.  All  statistical  calculations  were 
performed  on  a  Data  General  mv  8000  minicomputer  using  Minitab 
Sof tware ( 1 ) . 

Homogene i ty  ^  Stability ; 

All  rat  chow  containing  PYR  was  prepared  with  the  aid  of  a 
Twin  Shell  Blend'->r  ( Pa  t  ter  son-Kel  ly ,  East  Stroudsburg,  PA)  in 
accordance  with  SOP  OP-STX-16  "Diet  Preparation  for  Feedin;) 
Studi'-s."  HjmojorMity  samples  v;ere  tak-ui  from  the  left,  riglii, 
and  hotter, 1  portc  Mf  the  Twin  Shell  Blender  and  analyzed  in  depii 
Cut-1  or  tr  i 1  1 1  t-c .  The  sample  size  for  the  homogeneity  studies 
1  :  ■  ■  r-.'vci  1-4  and  2  g  for  level  5.  Chow  samples  f.ar 

■  .tv  .d.  ,,re  nnulyzed  on  the  day  of  preparation  (Day  1 

inJ  stoc.'C  in  li.is.s  beakers  covered  with  parafilm  at  rnoi;i  r 

1 1  j  r  • '  for  ch.'  durition  of  the  study. 
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RESULTS  AND  DISCUSSION 

Under  chromatographic  conditions  doscrilod  above, 
py r ides t i gm i ne  elutes  at  a  retention  tine  of  2.t  minutes.  The 
HPLC  traces  obtained  from  the  extraction  of  blank  rac  chow  arc 
shown  in  Figures  1  and  2;  no  peaks  that  inijht  inter  :e:'e  with  PVR 
are  present.  The  chromatograms  obtained  from  the  extra-'tiOii  ' 
PYR  from  r;t  chow  at  various  concentrat  •  or:s  are  shown  in  Figures 
3-6  . 

-I 

Doin' s  on  the  standard  curve  w  to  de  t,^:  i  ;  by  analyzing 

samples  of  b’ank  enow  spiked  with  PYR  t  f  i  v’o  ex  ncen  l  a  e  i  oo.s  ; 

U,  1  .  il ,  0.5,  0.1,  and  0.01  mg  PYR/g  of  chowx  Wiien  the  spiked 
chow  is  extracted  according  to  the  abovo  proeedite,  these  ccncen 
tratior.  levels  corresoond  to  the  following  nanograms  of  PYR 
injected  cn  colamr:  250,  125  ,  62.5,  50,.  and  10.  Values  from  a 
typical  standard  curve  (Table  2)  show  that  the  assay  is  linear 
(r-'O.olQy)  over  the  range  of  10-250  ng  .fYR  .:n  column. 

Table  2 

Standard  Cur">. 


e  :  neon c r a 1 1  on 
(-.:  PVR/g  chow) 


on  Column 
(ng) 


Peak  Height 
(m.\U) 


2 . 00 
1.00 
0.50 
0.10 
0.0' 


250 
12  5 
6  2.5 
50 
10 


1 8 . 4  9 
9.219 


vl .  7  0  0 


0 . 4  7  j 
0.15) 
0  .  i  0 
0  .10  4 


■  r  :  1  o  !  e  : 


0  .  .’7-4  1  55  ;  I  nrer  .'cgit 
i r )  =  0.9999 


0  .  0  5  0  ■  )  9  9  ;  Cc>  r  r «  '  1  o  t 
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Table  3 

P'/R  Stability^-  Overnight 

Concencrati on 
(.Tg  PYR/g  chow) 


O'!  so  r  t;  J 


n. 

1 .  aci 
.  so 
0  .  10 
0.01 


ho ;  or' 
s  p  1  < 

)  I ; ' 


S'  -1  y  1 


2  .  J  :  6 
0.988 
0 . 522 
0.1012 
0 . 0  1  '  0 


veries  were  dctorfninod  ; 
,r  )mn  c  ■')  g  r  a o  oi,t  .iP''-  )  r 

. chtj  PL.S  ,tin'lit  '’s 

’  , s  Chat  r  cco c‘ r  1  ■  ir‘ 


2.372 
1.008 
“'  7 

0 . 0  3  8 

0.01 0  f 


y  .'C'mr'  ;  i  nq  :  .■ 

•  '  I  ■  •  !  ‘  .  t  i  O ' 

.  '  ■ '  ■ ■!  ,  r 
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Table  4 


Ext  t:  af"  t  i  an  Rec-^) .  ei  i  >;:'S 


Concer  c  r  a  1 1 on 
(rj  PYR/g  chow) 


5  iic<::overy 


2 .  a  :; 
1 . 00 
)  50 
V  .,13 
0.01 


97.6’ 
•9  1 

:  0  0 . 0  3 
.  00 
96  .  25 


Assay  a  r  i  a  n  i  I  i  t  y  studies  wre  fjnc.iucted  over  a  five-  day 
period  at  .a  i.  i  f,  .-e  co  iicen  1 1  a  c  i '-ns  ;  the  int.f-^rday  variability 
(’.''I  e  5i  was  les:>  tna  .  7%.  -it.  •  ia'-raday  variability  at  the  two 
iow-:-,vc  concen ta  c  1  ous  was  less  than  2i. 


i'  a  o .!  e  0 


■  s .)  y  Va  I  ;  t  i.  i  ’  .  r.  y 


C  c  n  c  e  nTra  i  i  o  n 

_  C  rrq  P'lP/g  chow) 

Tar  e  :ed  Or 


Ooserveu 


1  n  t  e  r  d  d  y  (  n  -  5  ■ 


2  .  WJ 

1  .  0  v3 
0.53 
0  .  1,  3 
0 . 3  ! 


2.0  0 
0 . 9  5 
3.  50 
0 . 0  9 
0.01 


i  •  raU( 


0  . 

0.0:'' 


0.3914 

0.3114 


.331  3 
0  .  w  2 


"^0=4;  ^  n  =  6 


w'erc  per  r  or  mod  at  aii  concentt 
ne  re£_:'t^  in  7able  6,  the  chow  mixed  in  t; 
^  at  a. 1  concentration  levels.  At  any  cone 
'lone  o'-  '.'^riation  for  teed  samplei.  taken  i 
ocatiens  in  the  nlender  is  less  than  1^. 


Table  6 
Homoqeaei tv 


1  c  e  n  r  r  a  _  1  o  n 


~y?/q  -low) 

Ob, 'served 


Rant  e 


(mean  .'aluol 

SD 

C'.'  ‘%) 

(m'j  fy:< 

/'■g  cho’.,^ 

,  -f  - 

■‘■0.0170 

.  8 

1.961 

-  2.005 

V '  .  “  3 

■  0 .012  5 

1.3 

0.95  8 

-  0.986 

‘  t 

t  .  h,14 

0-0078 

1. 

0.516  ~ 

0.493 

d  .1  ' 

n  .  0nt6 

0.0020 

2.0 

0.937  - 

0.99  3 

J .  .ii 

0  .  0 . 0 

0. 0003 

n  r« 

%  j 

0.00985 

-0.010 

cant  !  r-y  Cl  P"R  in  lit  at  two 

A  ll-day  period  at  tooim  tom.piritoi^ 
■-‘nt!.  iVion  of  PYk  remain.^  con.ctai  wi 
I'’  tne  assay  .and  of  tho'  diet  .32:epari 
-  i  j  ,";'  of  Level  S  was  pe  r '.  o  i; 
'  t  n  i  y  see.-  -  ]  >-_r<  inlicatt  i  <'.io  i 
o  ''  a  •/  .  T^m-  dr’e  r  '  !^o  in  ■  ; ,  ^  • .  ■  ■  ,  n  t 

■-tin-  1  1  t  »  n .  ^  n  -  e  r-,  ,s  e.  .  , f  0  , 


:  j  , or  L e v e 
■to  o/  see-  •  ] 
tav  .  T-  • 

;  I  o  •  r  ;i  It  t  n 
.  .i  ■ .  ’  '  I  n  i  ■  ■ 


'  n  t  c:m 
the  ' 


Fer  r a  r  1  s 


Table  7 

Stability  of  Py  r  idos  t  in.e 

in  Rat  Chow  (n=6) 
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SUMMARY 

Ti'e  oral  subchronic  toxicity  study  of  pyridostigmine  in  tue 
rat  requires  that  pyridostigmine  be  blendeO  into  ground  rat  chow 
This  report  describes  an  assay  in  which  pyridostigmine  is  ex¬ 
tracted  from  rat  chow  with  water  and  quantitated  oy  HPLC  ana:y- 
sis.  The  assay  was  demonstrated  to  be  linear  over  the  range  of 
concentrations  of  PYR  in  rat  chow  (0.01-2.0  mg  PYR^q  chow)  to  bo 
used  in  the  toxicity  study;  the  extraction  recovery  of  pvp  was 
greater  than  95%  at  all  concentration  levels.  The  intraday  ansa 
variability  was  less  than  2%,  the  in  ter  day  variability  was  li.-sc 
than  3%.  Using  this  assay,  the  homogeneity  of  PYR  f.-td  samples 
mixed  with  a  Twin  l-lhell  Blender  (SOP  OP-STX-j6)  was  as-icso-d;  ch 
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